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Abstract
Leptoquarks have been suggested to solve a variety of discrepancies between the ex-
pected and observed phenomenon. In this paper, we investigate the effects of scalar
leptoquarks on the lepton flavor violating B meson rare decays which involve the quark
level transition b → sℓ−i ℓ+j (i 6= j). The leptoquark parameter spaces are constrained by
using the recently measured upper limits on B(B0s → ℓ−i ℓ+j ) and B(B → K(∗)ℓ−i ℓ+j ). Using
such constrained leptoquark parameter spaces, some relevant physical quantities are pre-
dicted and we find that the constrained new physics parameters in the leptoquark model
have very obvious effects on the relevant physical quantities. With future measurements
of observables in B → K(∗)ℓ−i ℓ+j decays at the LHCb, more and more differentiated from
the other new physics explanations could be tested.
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1 Introduction
Study for rare decays of B mesons induced by the flavor changing neutral current (FCNC)
process b→ s(d) plays a very important role to test the Standard Model (SM) and to provide
crucial information in our search for New Physic (NP) beyond the SM. The SM contributions to
the rare B meson decays, which involve FCNC process b→ s(d), are absent at the tree level due
to the Glashow-Iliopoulos-Maiani (GIM) mechanism and occur via the one-loop level. Recently,
some anomalies occur in the exclusive b → sℓ−ℓ+ decays, for examples, the experimental
measurements of B(B → K(∗)µ−µ+)/B(B → K(∗)e−e+) and the P ′5 angular parameter in
B0 → K∗0µ+µ− decay deviate from their SM predictions by 2 − 3σ [1–5]. In addition, lepton
flavor violating (LFV) decays of µ → eγ, Z → eµ(eτ, µτ) and h → µτ have been searched in
LEP1, International Linear Collider (ILC) and CMS [6–8]. Lepton flavor non-universality of
b¯→ s¯ℓ−ℓ+ decays implys that LFV processes may be seen in B decays [9–15]. The experimental
observation for LFV decays will provide unambiguous signal for NP beyond the SM.
It is well known that leptoquarks (LQs) are color-triplet boson particle which can couple to
a quark and a lepton at the same time and can occur in various extensions of the SM [16, 17].
They can also have spin-1 (vector LQs) or spin-0 (scalar LQs). Scalar LQs can exist at TeV
scale in extended technicolor models [18, 19] as well as in quark and lepton composite models
[20]. The phenomenology of scalar LQs have been studied extensively in many literatures [21–
30]. It is generally assumed that the vector LQs tend to couple directly to neutrinos and hence
expected that their couplings are tightly constrained from the neutrino mass and mixing data.
We will only consider the model which a LQ can couple to a pair of quark and lepton and
may be inert with respect to proton decay. Hence, the bounds from proton decay may not be
applicable for such cases and LQs may produce signatures in other low-energy phenomena [29].
In this paper, we will investigate the LFV exclusive b → sℓ−i ℓ+j decays in the scalar LQ
model. The upper limits on the relevant lepton number violating (LNV) coupling products
due to the scalar LQ exchanges are obtained from the recent limits of B(Bs → ℓ−i ℓ+j ) and
B(B → K(∗)ℓ−i ℓ+j ). We also examine the constrained NP coupling effects on the dileptonic
invariant mass spectra, the single lepton longitudinal polarization asymmetries and the forward-
backward asymmetries in these decays.
The outline of this paper is follows: In section 2, we recapitulate briefly NP contribution
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to the LFV exclusive b → sℓ−i ℓ+j decays in the scalar LQ model. In section 3 we present the
numerical analysis for the branching ratios and other physical observed quantities. Section 4
contains the summary and conclusion.
2 Scalar LQ contributions to the LFV exclusive b →
sℓ−i ℓ
+
j decays
The family lepton number (Le, Lµ, Lτ ) are exactly conserved in the SM, consequently, the LFV
processes are absolutely forbidden in the SM. Nevertheless, the LFV processes, for an example,
b→ sℓ−i ℓ+j , are allowed in scalar LQ model due to the exchange of LQs.
As discussed in Refs. [29–38], out of all possible LQ multiplets, we will consider the minimal
renormalizable scalar LQ models, containing one single additional representation of SU(3) ×
SU(2)×U(1) and which do not allow proton decay at the tree level. The scalar LQ multiplets
can have the representation as X = (3, 2, 7/6) and X = (3, 2, 1/6) under the gauge group
SU(3)× SU(2)× U(1).
These scalar LQs can have sizable Yukawa couplings and could potentially contribute to
the quark level transition b → qℓ−ℓ+. The tree level Feynman diagram for the LFV process
b → sℓ−ℓ+ are displayed in Fig. 1. Owing to the chirality, diagonality nature and the conser-
vation of both baryon and lepton number, these LQs processes will provide an effective way
looking for their effects in rare B meson decays. The details of new contributions have been
explicitly discussed in Refs. [29–35] and here we outline the main points simply. There are
b
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Figure 1: Feynman diagrams for the processes b → sℓ−i ℓ+j (left) and b → sℓ+i ℓ−j (right) due to
the scalar LQ exchanges, where ℓ = e, µ, τ .
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two Lagrangians for process b → sℓ−ℓ+ due to the couplings of scalar LQs X=(3,2,7/6) and
X=(3,2,1/6) with fermion bilinear, respectively.
Model A: X=(3, 2, 7/6)
In this model the interaction Lagrangian is given as
L = −λiju u¯iRXT ǫLjL − λije e¯iRX†QjL + h.c., (1)
where i, j are the generation indices, QL and LL are the left handed quark and lepton doublets,
uR and eR are the right handed up-type quark and charged lepton singlets, and ǫ = iσ2 is
a 2 × 2 matrix. More explicitly these multiplets can be found in Refs. [29–35]. Using Fierz
transformation, one can obtain the LQ effective Hamiltonian for the process b→ sℓ−i ℓ+j
HLQ = λ
i3λj2
∗
8M2Y
[s¯γµ(1− γ5)b][ℓ¯iγµ(1 + γ5)ℓj] = G
7
6
LQ[s¯γ
µ(1− γ5)b][ℓ¯iγµ(1 + γ5)ℓj ]. (2)
Model B: X=(3, 2, 1/6)
In this model the interaction Lagrangian is given as
L = −λijd d¯ iαR(VαejL − YανjL) + h.c. (3)
Then the LQ effective Hamiltonian are gotten as
HLQ = λ
2iλ3j
∗
8M2Y
[s¯γµ(1 + γ5)b][ℓ¯iγµ(1− γ5)ℓj] = G
1
6
LQ[s¯γ
µ(1 + γ5)b][ℓ¯iγµ(1− γ5)ℓj ]. (4)
From Eq. (2) and Eq. (4), one can see that the difference between two current matrix elements
is that replace 1 ± γ5 with 1 ∓ γ5. Nevertheless, the different effects only obviously appeared
on the single lepton longitudinal polarization asymmetries.
2.1 The Bs → ℓ−i ℓ+j decays
Using the above information, we can get total decay branching ratios
B(Bs → ℓ−i ℓ+j ) =
τBs
√
λ(m2Bs , m
2
ℓi
, m2ℓj )
4πm3Bs
{∣∣GLQfBs∣∣2 [m2Bs(m2ℓi +m2ℓj)− (m2ℓi −m2ℓj)2]
}
(5)
where GLQ is G
1
6
LQ or G
7
6
LQ, λ(a, b, c) ≡ a2+b2+c2−2ab−2ac−2bc, and this result is consistent
with the expression in Ref. [31].
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2.2 The B → K(∗)ℓ−i ℓ+j decays
From Eqs. (2) and (4), we can get the differential decay distribution for these semileptonic
decays with respects to s
dΓ(B → Kℓ−i ℓ+j )
ds
=
u(s)|GLQ|2
28π3m3Bs
{[∣∣Ht(q2)∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)
+
1
3
∣∣H0(q2)∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
, 1
2
∣∣∣2 + ∣∣∣h 1
2
,− 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)]
}
, (6)
dΓ(B → K∗ℓ−i ℓ+j )
ds
=
u(s)|GLQ|2
28π3m3Bs
{[∣∣H0t∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)+ 1
3
(∣∣H00∣∣2 + ∣∣H++∣∣2 + ∣∣H−−∣∣2)
×
(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
, 1
2
∣∣∣2 + ∣∣∣h 1
2
,− 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)]
}
, (7)
with u(s) =
√
λ(m2B ,m
2
K(∗)
, s)λ(m2ℓi ,m
2
ℓj
, s).
There are other observables investigated due to scalar LQ exchange. Using the definition formula of
forward-backward asymmetries in Refs. [39], we get the specific expressions of AFB(B → K(∗)ℓ−i ℓ+j )(s)
in the scalar LQ model.
AFB(B → Kℓ−i ℓ+j )(s) = −
1
DK
∣∣Ht(q2)H0(q2)∣∣(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2), (8)
with
DK =
1
3
∣∣H0(q2)∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
, 1
2
∣∣∣2 + ∣∣∣h 1
2
,− 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)
+
∣∣Ht(q2)∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2). (9)
For AFB(B → K∗ℓ−i ℓ+j ), they are same with Eq. (11) in Ref. [40] except that
NK∗ = −2
∣∣H0tH00∣∣(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)+ 1
2
(∣∣H++∣∣2 − ∣∣H−−∣∣2)
(∣∣∣h 1
2
,− 1
2
∣∣∣2 − ∣∣∣h− 1
2
, 1
2
∣∣∣2),
DK∗ =
2
3
(∣∣H00∣∣2 + ∣∣H++∣∣2 + ∣∣H−−∣∣2)(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
, 1
2
∣∣∣2 + ∣∣∣h 1
2
,− 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2)
+2
∣∣H0t∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 + ∣∣∣h− 1
2
,− 1
2
∣∣∣2). (10)
Noted that the NP coupling parameter is counteracted in final result of AFB(B → K(∗)ℓ−i ℓ+j )(s).
Besides, we also study the single lepton polarization asymmetries. For the sake of simplicity only
the longitudinal component product of single lepton polarization asymmetries P ℓ
±
i (i = L) are studied.
The single lepton longitudinal polarization asymmetries are got from [41]. The specific expressions of
Pℓ±L (B → K(∗)ℓ−i ℓ+j )(s) in the scalar LQ model are similar with Eq. (14) and (17) in Ref. [40] except
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N
′ℓ−
K , N
′ℓ+
K , N
′ℓ−
K∗ and N
′ℓ+
K∗ , which are given as
N
′ℓ−
K =
{
1
3
∣∣H0(q2)∣∣2[(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)+ (∣∣∣h 1
2
,− 1
2
∣∣∣2 − ∣∣∣h− 1
2
, 1
2
∣∣∣2)]
+
∣∣Ht(q2)∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)}, (11)
N
′ℓ+
K =
{
1
3
∣∣H0(q2)∣∣2[(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)− (∣∣∣h 1
2
,− 1
2
∣∣∣2 − ∣∣∣h− 1
2
, 1
2
∣∣∣2)]
+
∣∣Ht(q2)∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)}, (12)
N
′ℓ−
K∗ =
{
2
3
(∣∣H00∣∣2 + ∣∣H++∣∣2 + ∣∣H−−∣∣2)[(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)+ (∣∣∣h 1
2
,− 1
2
∣∣∣2 − ∣∣∣h− 1
2
, 1
2
∣∣∣2)]
+2
∣∣H0t∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)}, (13)
N
′ℓ+
K∗ =
{
2
3
(∣∣H00∣∣2 + ∣∣H++∣∣2 + ∣∣H−−∣∣2)[(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)− (∣∣∣h 1
2
,− 1
2
∣∣∣2 − ∣∣∣h− 1
2
, 1
2
∣∣∣2)]
+2
∣∣H0t∣∣2(∣∣∣h 1
2
, 1
2
∣∣∣2 − ∣∣∣h− 1
2
,− 1
2
∣∣∣2)}. (14)
3 Numerical results and analysis
In this section, we give our numerical results of the scalar LQ contributions in LFV Bs → ℓ−i ℓ+j
and B → K(∗)ℓ−i ℓ+j decays. The relevant input parameters and form factors are mainly from Refs.
[42–44]. In our analysis, we will use the latest LFV experimental upper limits of B(Bs → ℓ−i ℓ+j ) and
B(B → K(∗)ℓ−i ℓ+j ) listed in the second column of Tab. 1, which is different from Refs. [31–33] by
using the experimental B(Bs → µ−µ+), to constrain the relevant LQ parameters.
First, using the recent 90% C.L. experimental measurements of B(Bs → ℓ−i ℓ+j ) and B(B →
K(∗)ℓ−i ℓ
+
j ) listed in the second column of Tab. 1, we obtain the upper limits of the relevant LQ
couplings, which are given in Tab. 2. The previous strongest upper limits are also listed in the last
column of Tab. 2 for convenient comparison. From Tab. 2, one can see that the moduli of the
constrained LQ coupling products appeared in these six processes are strongly constrained by present
experimental upper limits of relevant LFV decays. For |λ
21λ32∗|
M2s
and |λ
22λ31∗|
M2s
couplings in Model B,
which are related to b → se−µ+ and b → sµ−e+, respectively, our bounds are slight weaker than
previous ones from K → πνν¯. For other LQ couplings, our bounds are stronger than previous ones,
and our some bounds are stronger about one or two orders of magnitude than previous ones in Refs.
[45, 46].
Next, using the constrained spaces listed in Tab. 2, we investigate the scalar LQ coupling effects
on the branching ratios, the dileptonic invariant mass spectra, the differential forward-backward asym-
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Table 1: The experimental measurements [42] and our scalar LQ predictions for exclusive b¯→ s¯ℓ−i ℓ+j decays.
Observables Exp. Limits at 90% C.L. Our Scalar LQ Predictions
B(Bs → e−µ+)(×10−8) 6 1.1 6 0.04
B(B0d → K0e−µ+)(×10−7) 6 2.7 6 1.20
B(B+u → K+e−µ+)(×10−7) 6 1.3 6 1.30
B(B0d → K∗0e−µ+)(×10−7) 6 3.4 6 3.40
B(B+u → K∗+e−µ+)(×10−7) 6 9.9 6 3.69
B(Bs → µ−e+)(×10−8) 6 1.1 6 0.03
B(B0d → K0µ−e+)(×10−7) 6 2.7 6 0.85
B(B+u → K+µ−e+)(×10−8) 6 9.1 6 9.10
B(B0d → K∗0µ−e+)(×10−7) 6 5.3 6 3.79
B(B+u → K∗+µ−e+)(×10−6) 6 1.3 6 0.41
B(Bs → e−τ+)(×10−5) ... 6 1.65
B(B0d → K0e−τ+)(×10−5) ... 6 1.39
B(B+u → K+e−τ+)(×10−5) 6 1.5 6 1.50
B(B0d → K∗0e−τ+)(×10−5) ... 6 4.11
B(B+u → K∗+e−τ+)(×10−5) ... 6 4.57
B(Bs → τ−e+)(×10−5) ... 6 5.23
B(B0d → K0τ−e+)(×10−5) ... 6 3.99
B(B+u → K+τ−e+)(×10−5) 6 4.3 6 4.30
B(B0d → K∗0τ−e+)(×10−5) ... 6 12.99
B(B+u → K∗+τ−e+)(×10−5) ... 6 12.09
B(Bs → µ−τ+)(×10−5) ... 6 3.25
B(B0d → K0µ−τ+)(×10−5) ... 6 2.60
B(B+u → K+µ−τ+)(×10−5) 6 2.8 6 2.80
B(B0d → K∗0µ−τ+)(×10−5) ... 6 8.21
B(B+u → K∗+µ−τ+)(×10−5) ... 6 8.31
B(Bs → τ−µ+)(×10−5) ... 6 5.47
B(B0d → K0τ−µ+)(×10−5) ... 6 4.18
B(B+u → K+τ−µ+)(×10−5) 6 4.5 6 4.50
B(B0d → K∗0τ−µ+)(×10−5) ... 6 12.50
B(B+u → K∗+τ−µ+)(×10−5) ... 6 14.60
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Table 2: Upper limits of the relevant LQ coupling parameters constrained from Bs → ℓ−i ℓ+j and B → K(∗)ℓ−i ℓ+j
LFV decays (in units of GeV−2), and previous strongest bounds [45, 46] are listed for comparison.
LFV couplings Relevant processes Our bounds Previous bounds
Model A |λ
13λ22∗|
M2s
3× 10−7[B → Ke¯µ]
b→ se−µ+ 6 6.61× 10−9
Model B |λ
21λ32∗|
M2s
2× 10−9[K → πνν¯]
Model A |λ
23λ12∗|
M2s
3× 10−7[B → Ke¯µ]
b→ sµ−e+ 6 5.57× 10−9
Model B |λ
22λ31∗|
M2s
2× 10−9[K → πνν¯]
Model A |λ
13λ32∗|
M2s
4× 10−6[B → Xℓν]
b→ se−τ+ 6 9.17× 10−8
Model B |λ
21λ33∗|
M2s
2× 10−7[B → Xτµ¯]
Model A |λ
33λ12∗|
M2s
4× 10−6[B → Xℓν]
b→ sτ−e+ 6 1.59× 10−7
Model B |λ
23λ31∗|
M2s
2× 10−7[B → Xτµ¯]
Model A |λ
23λ32∗|
M2s
b→ sµ−τ+ 6 1.28× 10−7 2× 10−7[B → Xτµ¯]
Model B |λ
22λ33∗|
M2s
Model A |λ
33λ22∗|
M2s
b→ sτ−µ+ 6 1.63× 10−7 2× 10−7[B → Xτµ¯]
Model B |λ
23λ32∗|
M2s
metries and the single lepton longitudinal polarization asymmetries of relevant B meson LFV decays.
Noted that, we find that all predictions except the single lepton longitudinal polarization asymmetries
(P ℓ
±
L ) are similar in both model A and model B, which are consistent with the results in Refs. [29–33],
so the same results between model A and model B will be labeled scalar LQ predictions in following
text.
Our numerical results of the branching ratios considering the LFV scalar LQ contributions are
listed in the last column of Tabs. 1. Comparing with the corresponding experimental bounds, one
can find that experimental bounds of B(B0d → K∗0e−µ+) and all B(B+u → K+ℓ−i ℓ+j ) give effective
constraints on the relevant LQ couplings. In addition, we also explore the sensitivities of the branching
ratios to the scalar LQ couplings as well as the scalar LQ coupling effects on the dileptonic invariant
mass spectra and the differential forward-backward asymmetries. Since their predictions are similar
with our previous results in Ref. [40], which are considered the R-parity violating couplings, we will
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not show them again in this paper.
Now we give the predictions of the single lepton longitudinal polarization asymmetries (P ℓ
±
L ). Figs.
2−5 show our predictions of P ℓ±L in the model A and model B, and we can see that the effects of the
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Figure 2: The predictions of P ℓ
±
L (B
+ → K+ℓ−i ℓ+j ) decays in model A X=(3,2,7/6).
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Figure 3: The predictions of P ℓ
±
L (B
+ → K+ℓ−i ℓ+j ) decays in model B X=(3,2,1/6).
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Figure 4: The predictions of P ℓ
±
L (B
+ → K∗+ℓ−i ℓ+j ) decays in model A X=(3,2,7/6).
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Figure 5: The predictions of P ℓ
±
L (B
+ → K∗+ℓ−i ℓ+j ) in model B X=(3,2,1/6).
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scalar LQ exchange couplings are quite different between model A and model B, and the predictions
of P ℓ
±
L in model A have exactly the reverse effects with ones in model B. From Eq. (17), one can see
that the difference is due to the lepton section. These differences could be used to distinguish between
model A and model B.
Noted that, although the branching ratios and the dileptonic invariant mass spectra of the LFV
semileptonic B → K(∗)ℓ−i ℓ+j decays have been investigated in the scalar LQ model in many Refs.
[29–33], the differential forward-backward asymmetries and the single lepton longitudinal polarization
asymmetries of relevant LFV B decays in the scalar LQ model are studied for the first time.
4 Summary and conclusions
In this paper, inspired by the recent anomaly measurements of the LFV decays h → µτ , µ → eγ
and Z → eµ(eτ, µτ) and the lepton flavor non-universality in b→ sℓ−ℓ+ decays, we have investigated
the scalar LQ exchange effects in Bs → ℓ−i ℓ+j and B → K(∗)ℓ−i ℓ+j LFV processes. Using the latest
experimental measurements of B(Bs → ℓ−i ℓ+j ) and B(B → K(∗)ℓ−i ℓ+j ) as well as considering the 90%
C.L. theoretical uncertainties of the input parameters, we have obtained very strong bounds on the
moduli of the scalar LQ coupling parameters involving in b→ sℓ−i ℓ+j transitions, and our most bounds
are stronger than previous ones.
Using our constrained spaces of the scalar LQ couplings, we have predicted the possible LQ coupling
effects in relevant LFV B decays. We have found that all branching ratios are great increasing with the
moduli of the LFV LQ coupling products, and the LQ coupling predictions of the dileptonic invariant
mass spectra as well as the differential forward-backward asymmetries are similar with our previous R-
parity violating results [40]. In addition, the LQ coupling effects on relevant single lepton longitudinal
polarization asymmetries are quite different between model A and model B. Noted that the differential
forward-backward asymmetries and the single lepton longitudinal polarization asymmetries of relevant
LFV B decays in the scalar LQ model have been studied for the first time.
With the rapid development of LHCb and forthcoming Belle-II experiments, the results in this
work could be a possible way to probe the NP effects, and will correlate strongly with study for the
LQ signals in the future experiments.
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Appendix
From Eq. (2) and Eq. (4) in Sec. 2, we get the following expressions about the square matrix element
for B → K(∗)ℓ−i ℓ+j processes∣∣M(B → K(∗)ℓ−i ℓ+j )∣∣2 = ∣∣GLQ∣∣2∣∣〈K(∗)|s¯γµ(1 + γ5)b|B〉ℓ¯iγµ(1− γ5)ℓj∣∣2 ≡ ∣∣GLQ∣∣2LµνHµν , (15)
with GLQ is G
7/6
LQ and G
1/6
LQ for model A and model B, respectively.
A Formulae of the B → Kℓ−i ℓ+j decays
Because the axial-vector current matrix elements 〈K(pK)|s¯γµγ5b|B(pB)〉 = 0, the hadronic helicity
amplitudes are same with each other in model A and model B. The non-vanishing helicity amplitudes
H0(q
2) = 2mB |~p|√
q2
f+(q
2) and Ht(q
2) =
m2B−m
2
K√
q2
f0(q
2) with |~p| =
√
λ(m2
B
,m2
K
,s)
2mB
. The form factors f+(q
2)
and f0(q
2) in H0(t)(q
2) are taken from Refs. [43, 44, 47].
Using the similar method in Refs. [48, 49], we obtain the lepton helicity amplitudes in the LQ
model
h7
∓ 1
2
,∓ 1
2
= u¯ℓi(±
1
2
)γµ(1 + γ5)vℓj (±
1
2
)
{
ǫµ(±1)
ǫµ(t), ǫµ(0)
}
,
h1
∓ 1
2
,∓ 1
2
= u¯ℓi(±
1
2
)γµ(1− γ5)vℓj (±
1
2
)
{
ǫµ(±1)
ǫµ(t), ǫµ(0)
}
, (16)
where the superscripts of h7,1λℓi ,λℓj
represent model A X = (3, 2, 7/6) and model B X = (3, 2, 1/6). In
model B, the lepton helicity amplitudes are same with h1 listed in Eq. (28) due to squark exchange
in RPV SUSY model [40]. In model A, the lepton helicity amplitudes are∣∣∣h7 1
2
, 1
2
∣∣∣2 = 1
s
[
s2 −
(
m2ℓj −m2ℓi −
√
λL
)2]
,∣∣∣h7 1
2
,− 1
2
∣∣∣2 = 4(s−m2ℓi −m2ℓj +√λL),∣∣∣h7− 1
2
, 1
2
∣∣∣2 = 4(s−m2ℓi −m2ℓj −√λL),∣∣∣h7− 1
2
,− 1
2
∣∣∣2 = 1
s
[
s2 − (m2ℓi −m2ℓj −√λL)2], (17)
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with λL ≡ λ(m2ℓi ,m2ℓj , s).
For B → Kℓ−i ℓ+j processes, the double differential decay rates with λℓi,j can be represented as
d2ΓK [λℓi =
1
2 , λℓj =
1
2 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{∣∣∣h 1
2
, 1
2
∣∣∣2∣∣Ht(q2)−H0(q2) cos θ∣∣2
}
,
d2ΓK [λℓi = −12 , λℓj = 12 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{
1
2
∣∣∣h− 1
2
, 1
2
∣∣∣2∣∣H0(q2)∣∣2 sin2 θ
}
,
d2ΓK [λℓi =
1
2 , λℓj = −12 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{
1
2
∣∣∣h 1
2
,− 1
2
∣∣∣2∣∣H0(q2)∣∣2 sin2 θ
}
,
d2ΓK [λℓi = −12 , λℓj = −12 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{∣∣∣h− 1
2
,− 1
2
∣∣∣2∣∣Ht(q2)−H0(q2) cos θ∣∣2
}
, (18)
where hm,n is h
7
m,n and h
1
m,n (GLQ is G
1
6
LQ and G
7
6
LQ) for model A and model B, respectively.
B Formulae of the B → K∗ℓ−i ℓ+j decays
Unlike the process B → K, the hadronic helicity amplitudes of B → K∗ are different from each other
between model A and model B, since the B → K∗ matrix element for the axial-vector current don’t
vanishes, i.e., 〈K∗(pK∗)|s¯γµγ5b|B(pB)〉 6= 0. In model B, the hadronic helicity amplitudes are same
with H1(q2) in Ref. [40]. In model A, the helicity amplitudes can be written as
H7±±(q
2) = −(mB +mK∗)A1(q2)∓ 2mB
mB +mK∗
|~p|V (q2),
H700(q
2) = − 1
2mK∗
√
q2
[
(m2B −m2K∗ − q2)(mB +mK∗)A1(q2)−
4m2B |~p|2
mB +mK∗
A2(q
2)
]
,
H70t(q
2) = −2mB |~p|√
q2
A0(q
2), (19)
with |~p| =
√
λ(m2
B
,m2
K∗
,s)
2mB
. Noted that the hadronic helicity amplitudes in model A and model B are
opposite.
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For B → K∗ℓ−i ℓ+j processes, the double differential decay rates with λℓi,j can be represented as
d2ΓK
∗
[λℓi =
1
2 , λℓj =
1
2 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{∣∣∣h 1
2
, 1
2
∣∣∣2[∣∣H0t −H00 cos θ∣∣2
+
1
2
|H++|2 sin2 θ + 1
2
∣∣H−−∣∣2 sin2 θ
]}
,
d2ΓK
∗
[λℓi = −12 , λℓj = 12 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{∣∣∣h− 1
2
, 1
2
∣∣∣2[1
2
∣∣H00∣∣2 sin2 θ
+
1
4
∣∣H++∣∣2(1− cos θ)2 + 1
4
∣∣H−−∣∣2(1 + cos θ)2
]}
,
d2ΓK
∗
[λℓi =
1
2 , λℓj = −12 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{∣∣∣h 1
2
,− 1
2
∣∣∣2[1
2
∣∣H00∣∣2 sin2 θ
+
1
4
∣∣H++∣∣2(1 + cos θ)2 + 1
4
∣∣H−−∣∣2(1− cos θ)2
]}
,
d2ΓK
∗
[λℓi = −12 , λℓj = −12 ]
dsd cos θ
=
u(s)
∣∣GLQ∣∣2
29π3m3Bs
{∣∣∣h− 1
2
,− 1
2
∣∣∣2[∣∣H0t −H00 cos θ∣∣2
+
1
2
∣∣H++∣∣2 sin2 θ + 1
2
∣∣H−−∣∣2 sin2 θ
]}
. (20)
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